The kinetics of the reactions of antihemagglutinin (AH) and antineuraminidase (AN) antibodies with homologous influenza virus were examined by use of a photometric hemagglutination inhibition test (antibody concentration unit [ACU] test). The following results were obtained. (i) The isotherms describing the reaction of AN antibodies with homologous virus were found to have much steeper slopes than did the corresponding AH antibody isotherm. This finding indicates that the photometric ACU method can discriminate objectively between AH and AN antibodies. (ii) The reaction of mixtures of AH and AN antibodies with homologous virus was examined and found that AH antibodies combine with virus independently from the presence of AN antibodies, whereas AH antibodies were found to reduce greatly the measurable degree of hemagglutination inhibition by AN antibodies. (iii) A formula was developed and experimentally confirmed by means of which the binding of virus by mixtures of AH and AN antibodies can be predicted. Thereby, the influence of the relative concentration of AH and AN antibodies on the establishing of isotherms and on their subsequent use for antibody titration by means of the photometric ACU method was investigated. It was found that the procedure routinely employed for establishing isotherms yielded data reflecting the reaction of AH antibodies only. As a consequence, the use of these isotherms will identify AH antibodies.
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In a preceding publication (7), a highly accurate photometric method for the determination of hemagglutination inhibiting influenza virus antibody has been described. This so called photometric ACU (antibody concentration unit) method is based on the finding that, when an excess of virus is reacted with graded dilutions of homologous antiserum, the ratio of bound and free virus to the concentration of antibody present can be described in terms of Freundlich's adsorption isotherm (10) . With heterologous reactants, the reaction cannot be described in terms of Freundlich's isotherm, since a different type of proportionality pertains (2, 7) . As a consequence, testing whether or not the kinetics of the reaction of an unknown antiserum with a given strain of virus can be described in terms of the isotherm established for the strain of virus employed enables the reactions of virus with homologous and heterologous antibody to be objectively discriminated (2, 7) . This technique has been utilized to test the specificity of antibody patterns recorded by conventional hemagglutination inhibition (HI) tests in human sera (2, 3, 4) .
When these experiments were done, it was not known' that under certain circumstances antineuraminidase (AN) antibodies can cause hemagglutination inhibition (11, 16 The experiments described in this paper were designed to investigate the mutual influence of AH and AN antibodies on the establishing of adsorption isotherms and on their use for antibody titration by means of the ACU method. For this purpose, the kinetics of reacting 'separately AH and AN antibodies with homologous virus was investigated.
Since recognition of specific antibody by means of the ACU method is based on the kinetics of virus antibody interaction, the finding of different kinetics for AN and AH antibody-virus interaction would indicate that both types of antibodies can be discriminated by means of the ACU method.
Furthermore, a formula was developed and experimentally confirmed by means of which the binding of virus by mixtures of AH and AN antibodies can be predicted. By use of this formula, the levels of AN antibodies influencing measurably the reaction of virus with AH antibodies can be determined.
In addition, it was felt that the knowledge of the kinetics of the reaction of AH and AN antibodies with homologous virus as obtained by the experiments described in this paper could contribute to a better understanding of the role of each type of antibody in immunity to influenza virus infection. Sera. Antisera were prepared by vaccination of chickens and rabbits with the virus strains listed above. The inoculation schedule was 10 intraperitoneal injections given at 24-h intervals. Each contained 100 HCUs of virus and was suspended in 20 ml of buffered saline (5 (5) .
(ii) For establishing adsorption isotherms, the technique used was that previously described (7) . Each isotherm was based on 80 to 130 measurements. The "standard serum" (7) The isotherms were tested for linearity as described by Fazekas (9) as follows: for each isotherm, the values of 1/N and log A were calculated separately for values where C' (C' = concentration of free virus) ranged from 10 to 50 and for values where C' exceeded 50. The values of 1/N and log A were tested for significant differences by means of a t test (P < 0.05). When the 1/N and log A values of these partial isotherms failed to differ significantly, the isotherm was considered linear.
(iii) HI pattern tests were carried out using four agglutinating doses of virus. Titers were expressed in terms of the reciprocal highest serum dilution yielding complete hemagglutination inhibition.
(iv) Neuraminidase activity assays were carried out according to the method of Warren (15), using mucoprotein from human urine prepared according to Tamm and Horsfall (14) as substrate.
Sera were tested repeatedly for neuraminidase inhibition as described by Seto and Rott (13), using KIO4 pretreated sera.
Neuraminidase inhibition titers were expressed in terms of the geometric means of the reciprocal highest serum dilutions yielding 50% inhibition, using neuraminidase starting concentrations yielding optical density readings of 0.05 at a wave length of 549 nm in a model DB Beckman spectrophotometer (light path of 1 cm). Establishing of isotherms. The constants A and 1/N of the isotherms describing the reaction of the virus strains A/Sing, A/Bel, and A/Bel-A/Sing with the corresponding antisera were determined where possible. Table 2 gives a survey on the adsorption isotherm constants obtained. (The isotherms presented were found to be linear.)
RESULTS

Pattern of reactions of virus strains
The values of the constants A and 1/N were found not to differ significantly (P < 0.5) for the reactions of A/Bel and A/Bel-A/Sing antisera with A/Bel and A/Bel-A/Sing virus, indicating that these data were not measurably influenced by the presence-or absence of homologous AN antibodies.
Not shown for convenience in presentation is that the ACU titers of A/Bel and of A/Bel-A/ Sing antisera obtained by using A/Bel virus were found not to differ significantly from the ACU titers recorded when reacting these antisera with A/Bel-A/Sing virus. In contrast, the isotherms pertaining to This finding warrants the conclusion that AH and AN antibodies reacted separately with homologous virus will be identified correctly by use of the ACU method.
Reaction P = R log (TNQld) (2) where P is the fraction of virus bound, TN is the concentration of AN antibodies in the undiluted serum in terms of ACU units, and d is the reciprocal serum dilution tested.
R and Q are two constants which are experimentally determined for the strain of virus employed ( 3: CN.N = C R log (TN. Q/d)/yCab, H (3)
As a consequence, the total concentration of bound virus (CN) equals the sum of the virus concentrations bound by AH and by AN antibodies: The results indicate that equation 4 is valid for describing the reaction of homologous virus with mixtures of AH and AN antibodies. As a consequence, the conclusion is warranted that AH antibodies react independently from the presence of AN antibodies with homologous virus, whereas AH antibodies reduce the degree of measurable hemagglutination inhibition by AN antibodies.
It should be noted that alternate models describing the reaction of mixtures of AH and AN antibodies with homologous virus were also tested. These models included the assumption that AN antibodies combine with virus independently from the presence of AH antibodies and that AH antibodies react with the concentration of virus free after reaction with AN antibodies. However, the concentrations of bound virus predicted by use of an equation based on this assumption were found to differ significantly (P < 0.05) from the experimentally determined concentrations of bound virus, using virus starting concentrations from 130 to 310 HCUs, 0.512 to 0.098 ACUs of AH antibodies, and 1.72 to 0.111 ACUs of AN antibodies. Therefore, this model was found not to be valid. The same conclusion was reached when assuming that binding of virus by mixtures of AH and AN antibodies would equal the sum of virus bound when each antibody is reacted with virus separately.
Influence of AN antibodies on establishing of adsorption isotherms for the reaction of AH antibodies with homologous virus. It was examined whether or not the isotherms previ- b The linearity of each adsorption isotherm was tested by dividing the data into two groups, one comprising values where the concentration of free virus ranged from 10 to 50 and a second where the concentration of free virus ranged from 51 to 110. For each group, the values of log A and 1/N were calculated separately and tested for significant differences by means of a t test (P < 0.05). When no significant difference between log A and 1/N values was recorded, the isotherm was considered linear (9) . reached pertain to the strains of virus employed, and that at present, no statement can be made whether or not such conclusions are valid for further virus strains or their recombinants.
The data presented in this paper warrant the conclusion that AH and AN antibodies have drastically different kinetics of their reaction with homologous virus as measured by means of the photometric ACU method. This finding indicates that the photometric ACU method can discriminate between AH and AN antibodies. When using an AH antibody isotherm, ACU titers will reflect AH antibodies, and vice versa.
Using graded mixtures of AH and AN antibodies, the influence of the relative concentration of AH and AN antibodies on establishing adsorption isotherms was investigated, and it was found that AN antibodies failed to influence measurably the isotherm, if the ratio of AH to AN antibodies exceeded 3.0. Since it was found that the vaccination schedule employed for preparation of antisera used for establishing isotherms yields ratios of AH to AN antibodies exceeding 3.0, this finding suggests that previously established isotherms measure AH antibody only. This conclusion is consistent with a previous report (11) , where AN antibody was also found not to influence measurement of ACU titers.
A modification of the ACU method by means of which both AH and AN antibodies can be determined will be described in a subsequent publication. It The relatively low binding capacity of AN antibody against low concentrations of virus could be at least partially responsible for the fact that AN antibody do not prevent virus infection where a low virus concentration is needed but interferes with the release of virus from infected cells where a much higher virus concentration is operative (16) . When examining the reaction of mixtures of AH and AN antibodies with homologous virus, it was found that binding of virus by AH antibodies was not influenced by the presence of AN antibodies. In contrast, the presence of AH antibodies did greatly reduce the measurable degree of hemagglutination inhibition by AN antibodies, since the virus concentration bound by AN antibodies was found to equal that virus concentration bound if only the virus concentration free after the reaction with AH antibodies is reacted with AN antibodies. This finding could be explained by the following hypothetical model: consider that a virus concentration C is once reacted separately with AH antibodies, yielding binding of a-C HCUs, and once with AN antibodies, resulting in binding of b-C HCUs. Since AH and AN antibodies combine with different antigenic sites, it is reasonable to assume that both antibodies combine with virus independently from each other.
Thus, when reacting a mixture of AH and AN antibodies with C HCUs of virus, the concentration of virus bound by AH antibodies will again equal a C, whereas the virus concentration a * b * C is bound both by AH and AN antibodies. As a consequence, the binding of virus by AN antibodies observed equals b (C -a-C), where C -aC is the virus concentration free after reaction with AH antibodies. Thus, the decrease in measurable binding of virus by AN antibodies in presence of AH antibodies is due to the fact that virus inhibited by AH antibodies combines with AN antibodies without additional inhibition of hemagglutinating activity. 
APPENDIX
